1. Motion of point like bodies

Extension of bodies will be neglected
and mass is concentrated in a point: mass point

1.1 Kinematics of mass points

Movement: Change of position in space as a function of time
To mark the position of a point in space P(x,y,z)

Coordinates y, x, z



Coordinate system with axes x,y,z
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Movement in a straight line: Performed distance
AT = T(t2) - T(t1) A means
a change
Dimension length: Meter (m) of A following
quantity
Passed time: At =1, —t;

Dimension time: Secondes (s)



Velocity v:

v=performed distance/passed time

Dimension: meter/second (m/s)
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Momentary velocity
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Change of velocity leads to acceleration

VoVi _ AV _ a(tl,tz) with dimension:
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with 2a(ti,ty) as mean acceleration

Momentary acceleration
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Special cases

a) Change of the amount of V

Rectilinear move
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b) Change of direction only v

| V4 | constant

Up untilnow T(t) » V(t) - @
Mathematically: Differentiate

The resolution of a problem needs to go very often the other way around

a(t) » V() » T(t)

Mathematically: Integrate

Example: One dimensional move, e.g.: x-direction

a(t) = & - V(t) = j a(t')dt



with Vg = V(O) Increase of
t velocity

V(t) = Vp —|—j a(t’)dt’ from t'=0 up to t'=t

0
Correspondingly: V(t) — X(t)
t
X(t) = Xo +I V(t’)d’[’ X As starting point

at t=0

Increase of distance
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Example : a(t)=constant = dp
t

Increases
V(t) = Vo +I odt = Vo +ao -1 linearly with t
t 0
_ / I _ 1 2
X(t)—X0+J-[Vo+ao°t]dt =Xgo+Vpeel+ =ag -1l
0 increases quadratically with t

Example: Free fall

- l X(t) = %g . 12 With ao =g: g=constant

. g: Constant of gravitation ~ Value surface of the earth

Physics, like e.g. mass dependence of free fall gets discussed later on



Example: fur two dimensional orbits

Velocities

Vy = Vg +SINY, Vx = COSI

y 250 T

into y-direction acts g
200 T

150 T 1

Y = Yyo+vy-t-3g-t°
100 T
Into x-direction:

g Starting angle X(t) = Xo +Vx + t

50T

2 4 6 8 Start at t=0,x=0,y=0

X

Equations of movement: X(t) = Vg « c0S 93 « t, y(t) = Vo +SING - t — %g . t2



Equation with t as parameter

Elimination of t: Leads to equation of orbit in x-y plane
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Example: Beam of water

125 T

257
Determination of velocity of the beam

at x=y=0 375 T
by a measurement of the orbit

Here: Vo = 4.43m/s y 625"



